Pogostemon cablin (Blanco) Benth. is an important medicinal plant in Traditional Chinese Medicine (TCM). Because of differences in the chemical composition, this species has been classified into two major chemotypes, i. e. the patchouliol-type and the pogostone-type; however, no quick and effective method is presently available for the precise identification of these two chemotypes. DNA barcoding, using a standardized DNA fragment, is a promising molecular diagnostic method for species identification. We have established a reliable and quick method for the identification of the P. cablin chemotypes. Of five potential barcodes [rbcL, psbA-trnH, rpoB, ITS (internal transcibed spacer), and ndhJ], tested among 103 samples, ITS was the best candidate, as comparative studies between patchouliol-type and pogostone-type P. cablin revealed that ITS had more variable regions among these five barcodes. We suggest that ITS can serve as the most suitable barcode for differentiating between the chemotypes of P. cablin.
Introduction
Pogostemon cablin (Blanco) Benth. (Lamiaceae) is an important traditional Chinese medicinal plant (Guan et al., 1992; Paul et al., 2012) , also called Guanghuoxiang in Chinese (Chen et al., 2013) . Presently, P. cablin is widely spread in southern China, including Guangdong, Hainan, and Guangxi (Hu et al., 2006) . In Traditional Chinese Medicine (TCM), this plant is used for removing dampness, relieving summer-heat or exterior syndrome, stopping vomiting, and stimulating appetite (Xu et al., 2010; Chinese Pharmacopoeia Commission, 2010) . The terpenoids patchouli alcohol (patchouliol) and pogostone are important secondary metabolites in P. cablin (Lu et al., 2011) .
Due to quantitative variations in the contents of patchouliol and pogostone, the effectiveness of P. cablin preparations in patients is variable. P. cablin can be divided into two chemotypes, i. e. the patchoulioltype and the pogostone-type, which cannot be readily distinguished on the basis of morphological criteria, colour, texture or odour, especially when the herbs are in a dried and/or sliced state. Up to date, the GS-MS method has been advocated to identify the chemotypes of P. cablin. Unfortunately, there have been shortages in the availability of the standard samples (patchouliol and pogostone), so the GS-MS method does have limitations in practice. Therefore, it is imperative to find new methods for the identification of these two chemotypes of P. cablin.
DNA barcording is a new biological tool to achieve accurate, rapid, and automatable identification of species and/or cultivars, without morphological knowledge, by using a short universal genome sequence (Hebert et al., 2003) . DNA barcodes can provide a very efficient way for the quick discovery of new species and the accurate discrimination between species (Kress and Erickson, 2007; Lahaye et al., 2008; Chen et al., 2010) . Different environmental conditions might change the chemical composition of patchouli essential oil (PEO), not only in quality but also in quantity. Thus, we propose that DNA bar-coding can be used for identifying cultivars of P. cablin with different chemotypes. Here, we selected five candidate DNA barcodes including rbcL, psbA-trnH, rpoB, ITS (internal transcibed spacer), and ndhJ for this purpose. Our aims were (1) to examine the reliability, suitability, and reproducibility of these five genomic regions as barcodes, and (2) to evaluate the congruence between the GC-MS method and the DNA barcoding for accurate authentication and identification of the patchouliol-and/or the pogostone-type cultivars of P. cablin.
Materials and Methods

Plant specimens and genomic DNA extraction
Fresh leaves of samples were kept in silica gel upon collection from Guangdong Province, Hainan Province, and Guangxi Zhuang Autonomous Region, China. Voucher specimens were deposited at the College of Pharmacy, Chengdu University of Traditional Chinese Medicine, Chengdu, China. Overall 10 cultivation areas covering all main areas currently used in Southern China were examined for sequence variations within the regions of the candidate barcodes. Details of the origins of the herbarium vouchers are provided in Fig. 1 and Table I .
The specimens were frozen in liquid nitrogen and ground into a fine powder. Total genomic DNA was extracted from the powder using the cetyltrimethylammonium bromide (CTAB) method as modified from Doyle and Doyle (1987) . The concentration of genomic DNA was measured in an Eppendorf biophotometer (Hamburg, Germany).
PCR amplification and sequencing
PCR (polymerase chain reaction) amplification was carried out in a Gene Amp PCR system 9700 (PE Applied Biosystems, Foster City, CA, USA) with 20 µL reaction mixture containing 5 µL 5×PCR buffer (including 2.5 mM MgCl 2 ), 2 µL dNTP Mix (2.5 mM each), 1 µL 10 µ M each primer, 2 -5 µg template DNA, and 0.25 µL Pfu DNA polymerase. Information on primers and thermocycling conditions for the five markers used in this study are listed in Table II . Purified PCR products were sent to Invitrogen Biotechnology (Shanghai, China) for sequencing of both strands.
Sequence alignment and analysis
Sequences were assembled using SeqMan of the DNASTAR software package (Burland, 2000) ; the sequences were aligned using CLUSTAL X (Thompson et al., 1997) and adjusted manually if necessary. The complete sequences of the candidate DNA barcodes from each sample were stored as a separated text file. The newly acquired DNA sequences have been deposited in the NCBI Database (http://www.ncbi.nlm. nih.gov). 
Identification of chemotype by DNA barcodes
The chemotype of each sample was identified by the GC-MS method (Zhang et al., 2012) . Five candidate DNA barcodes (rbcL, psbA-trnH, rpoB, ITS, and ndhJ) of standard samples of these two chemotypes of P. cablin were sequenced and aligned. Based on the sequence alignment, the variable regions of each candidate DNA barcode were calculated.
ITS regions from the samples collected in the various cultivation areas were amplified and sequenced. Each amplified sequence was aligned, and homologies with those of the pogostone-type (GenBank accession No. KJ413188) and patchouliol-type (GenBank accession No. KF771661) were analysed. Based on the respective extent of the homology with sequences from either of the two chemotypes, assignment to either of the two chemotypes was done and compared with the respective result of the GC-MS analysis.
Results and Discussion
Amplification efficiency and sequence recovery
High amplification efficiency and sequence recovery are the basic requirements for the suitability of a DNA barcode (Meyer and Paulay, 2005; CBOL Plant Working Group, 2009) . In this study, each single primer pair for the five potential barcodes performed without fail, as all samples of P. cablin were successfully amplified (Fig. 2) and sequenced, indicating the high applicability of all five DNA barcodes in identifying P. cablin. However, as far as these five barcodes are concerned, amplification efficiency was low for the rbcL sequence (78 %), while it was 100 % for the other four DNA candidate barcodes (Table III) . All PCR products of these five DNA sequences could be successfully sequenced.
Validation of DNA barcoding markers
In recent years, DNA barcodes have attracted increasing attention and have been employed to identify different biological materials (Hebert et al., 2004; Kress et al., 2009; Chen et al., 2010) including those from medicinal plants (Techen et al., 2014) , but identification of different chemotypes in P. cablin by DNA barcoding has not yet been reported. We selected five candidate DNA barcodes (rbcL, psbA-trnH, rpoB, ITS, and ndhJ) to potentially assign each of the 103 samples from 10 different cultivation areas to either of the two chemotypes. Large dataset screening had previously revealed that ndhJ sequences of seed plants are identical, while the rbcL, psbA-trnH, and rpoB sequences exhibited slight differences, and only the ITS sequences showed clear differences (Kress et al., 2005; China Plant BOL Group, 2011) (Table III) . These results indicate that ITS is more discriminating than any other candidate barcode (Ren et al., 2010; Liu et al., 2011) .
Applicability of barcode to accurate chemotype discrimination
At present, except the GS-MS method, no reliable method is available to assign a sample to either of the two chemotypes of P. cablin (Zhang et al., 2012) . For identification of the chemotype by GC-MS, preparation of the essential oil from a sample of about 100 g plant material is required. For the barcoding method, a sample of only about 0.3 g is sufficient for DNA isolation. So, compared to the GC-MS method, the DNA barcoding method can be recommended as the primary (if only small amounts of samples and/or no standard samples of patchouliol and pogostone are available) or subsidiary method to identify the chemotype of a P. cablin sample.
We suggest that DNA barcoding can serve as an efficacious method to identify the chemotype of samples of P. cablin collected in Southern China, including Guangdong, Hainan, and Guangxi. After alignment of the sequences of the five candidate DNA bar-codes (rbcL, psbA-trnH, rpoB, ITS, and ndhJ), we confirmed that ITS has more variable sites (22) than rbcL (2), psbA-trnH (3), rpoB (6), and ndhJ (0) (Table III). Thus, ITS was chosen as the most suitable DNA barcode for the effective identification of P. cablin. The results showed that the samples from product areas Nos. 5 and 6 (Guangzhou and Gaoyao) are of the pogostone-type, with concentrations of patchouliol between 15 % and 33 % and pogostone of 13 % to 36 % in the essential oil. Samples from the other production areas (Nos. 1, 2, 3, 4, 7, 8, 9 , 10 from Yangchun, Leizhou, Gaozhou, Nanning, and Wanning) are of the patchouliol-type, with patchouliol concentrations between 22 % and 43 %, and those of pogostone in the range of 0 % to 8 %. Comparing the results obtained with the DNA barcoding method and the GC-MS method, we calculated that the identification accuracy can reach 93.2 %, as a total of 96 of the 103 samples was correctly identified, while only a single sample from each product area (Nos. 1, 4, 5, 7, 8, 9, 10 ; see also Table I ) could not be accurately identified. Taken together, we advocate that barcoding using ITS can serve as a practical tool to verify and identify the chemotype of a P. cablin sample.
